reported more false alarms for low-than high-frequency words when the foils were similar to the targets. According to the source of activation confusion (SAC) model of memory, that pattern is based on recollection of an underspecified episodic trace rather than the error-prone familiarity process. The authors tested the SAC account by varying whether participants were warned about the nature of similar foils and whether the recognition test required the discrimination. More false alarms for low-frequency similar items occurred only when participants were not warned at study about the subtle features to be discriminated later. The differential false-alarm rate by word frequency corresponded to the pattern of remember responses obtained when the test instructions did not ask for a subtle discrimination, supporting the SAC account that reversed false-alarm rates to similar foils are based on the recollection process.
When words with different normative frequencies are studied, low-frequency words are better recognized than high-frequency words, and low-frequency words show lower false-alarm rates than high-frequency words. This effect has been termed the word frequency mirror effect (Glanzer & Adams, 1985) . The word frequency mirror effect has been extensively studied in recognition (e.g., Arndt & Reder, 2002; Balota, Burgess, Cortese, & Adams, 2002; Glanzer & Adams, 1990; Guttentag & Carroll, 1997; Hintzman, 1994; Hirshman, Fisher, Henthorn, Arndt, & Passanante, 2002; Joordens & Hockley, 2000; Malmberg, Steyvers, Stephens, & Shiffrin, 2002; Murdock, 1998 Murdock, , 2003 Reder, Angstadt, Cary, Erickson, & Ayers, 2002) , and many theoretical accounts have been proposed for it. Reder and her colleagues (Reder et al., 2000) suggested a mechanism for the word frequency mirror effect based on a dual-process model of recognition called source of activation confusion (SAC) .
According to the SAC account for the word frequency mirror effect, the words of different normative frequencies have different numbers of prior contextual associations that fan out from their respective concept nodes. Differential fan affects the amount of activation that spreads from the concept node to any specific memory trace such that the more links that share activation, the less activation reaches any one node. Low-frequency words have a smaller contextual fan because they have been seen less frequently. Therefore, the activation that spreads to the relevant study episode is greater when the source node sending activation is low frequency (fewer competing links) rather than high frequency (more competing links). Because less activation spreads to the relevant episode node from high-frequency words, their associated episode nodes are less likely to pass threshold for a recollection. As a consequence, judgments for high-frequency words will more often be based on the familiarity of the concept itself. Support for this account of the word frequency mirror effect came from the remember-know paradigm such that recognition of low-frequency words was expressed with more remember responses, whereas recognition of high-frequency words was expressed with more know responses (Reder et al., 2000) . In addition, SAC also predicts more false alarms for high-frequency foils than for low-frequency foils as manifested by know judgments. This is because highfrequency words are more familiar than low-frequency words.
Recently, Malmberg, Holden, and Shiffrin (2004) showed that the typical advantage of lower false-alarm rates for low-frequency words was reversed when similar foils, specifically pluralityreversed forms of studied items, were used on a recognition test as opposed to the standard paradigm that uses unrelated foils in the recognition test. Furthermore, they repeated the presentations of the studied words and then, at test, asked for judgments of frequency (JOFs). The mean JOF for items judged to be old (that is, JOF Ͼ 0) increased with repetitions for both targets and similar foils for both low-and high-frequency words, continuing the reversal of the false-alarm pattern with word frequency such that there were more false alarms for low-frequency similar words. Malmberg et al. showed that both the word frequency effect and the pattern of higher false-alarm rates for low-frequency similar foils could be explained within the retrieving effectively from memory (REM; Shiffrin & Steyvers, 1997) framework. For the explanation of the word frequency mirror effect, in the REM model, it is assumed that the memory representations for lowfrequency words have features that are less familiar, and people also consider low-frequency words less likely to be encountered (Malmberg & Murnane, 2002; . Thus the matching of the features associated with low-frequency words leads to more evidence for "old" judgment than does the matching of the features associated with high-frequency words, which explains the hit rate advantage for low-frequency words. However, when foils are very similar to studied items, it is expected that the typical false-alarm advantage for low-frequency words over highfrequency words will be reversed, because low-frequency similar foils have more diagnostic features for matching (Malmberg, Holden, & Shiffrin, 2004; Shiffrin & Steyvers, 1997) . In the REM model, familiarity with different diagnostic values of different frequency words produces higher hit rates and lower false-alarm rates for low-frequency targets and dissimilar foils but higher false-alarm rates for low-frequency similar foils. Moreover, Malmberg, Holden, & Shiffrin (2004) challenged whether the SAC model could account for their finding of an interaction between word frequency and item similarity. They argued that the recollection process of the SAC model should facilitate the discrimination of targets from similar foils and should have counteracted any increased familiarity due to their similarity. Figure 1 provides a schematic illustration of how SAC represents plurality information in a study event. In SAC, different concept nodes for different forms of a concept including different plurality forms are not assumed. Rather, it is assumed that an additional association binds to the episode node when participants are aware of the need to code whether the word is in the plural or singular form, much the same way as we have postulated that font is represented when participants bother to encode font information (Reder, Donavos, & Erickson, 2002) .
There are two ways to recognize a word according to SAC: one based on recollection of the episode through sufficient activation at the episode node and the other based on a familiarity process that evaluates whether there is sufficient activation at the concept node to judge that the word had been studied in the experiment. According to SAC, most false alarms occur when "old" judgments are based on the error-prone familiarity process. However, false alarms can occur when the probe is similar to the studied word and when a critical feature forming the basis of the discrimination is not represented during the study phase. When participants do not appreciate the importance of coding plurality information during the study phase, they are much less likely to represent it as part of the episodic trace. At test, participants could try to retrieve the plurality information; however, if that information was not encoded during the study phase, these efforts are unsuccessful, resulting in recollections that may be inaccurate. Then, false alarms based on recollection of the similar word will occur more often for low-frequency words than high-frequency words, although false alarms based on familiarity will still be greater for high-frequency words.
In the situation in which participants must discriminate a plurality reversed foil from the studied form without knowing to code for that feature during study, low-frequency similar foils are more vulnerable to spurious recollection, for the reasons given above. In contrast, in the REM model, the higher false-alarm rates for low-frequency words are attributed to the notion that lowfrequency words are more diagnostic for matching in recognition. Therefore, similar foils for low-frequency words still have more diagnostic matching features and are more likely to pass threshold for an "old" response than are high-frequency words with fewer diagnostic features. Although Malmberg, Holden, and Shiffrin (2004) introduced a "recall-like process" for the REM model, their explanation for higher false-alarm rates for low-frequency similar foils largely depends on the familiarity process. In contrast, in SAC, it is posited that the recollection process is responsible for the higher false-alarm rates for low-frequency similar foils.
In the present study, we tested a mechanistic account of what underlies the false-alarm patterns for different normative frequency words. We varied whether participants were warned prior to the study phase that the recognition test would require rejection of foils that differed only by a specified feature (font or plurality) from a studied word. In the other aspect of the study, we sometimes allowed participants to accept similar foils, but at the same time asked them to distinguish "old" judgments for which they had a recollection of a study event from those based on familiarity using the labels remember and know for those two classes, respectively (Tulving, 1985) . Researchers have used this paradigm to investigate the contribution of different memory processes to recognition, although a few recent authors have questioned whether remember versus know judgments actually discriminate between single-and dual-process models of recognition memory (e.g., Dunn, 2004; Malmberg, Zeelenberg, & Shiffrin, 2004) . 1 1 It is beyond the scope of this article to delve into the question of whether the remember-know paradigm is inconsistent with a signal detection theory interpretation (see Dobbins, Khoe, Yonelinas, & Kroll, 2000; Dunn, 2004; Yonelinas, 2002, for details) . Dunn (2004) argued that the functionally dissociated remember-know data can also be handled with an equal variance model, but he did not address word frequency effects. At issue is whether a dual-process mechanism can account for word frequency differentially affecting false alarms for similar foils. In particular, we tested whether the SAC mechanism that explains this reversal in word frequency false alarms arises from the recollection of an incomplete encoding trace. By manipulating the participants' knowledge of the importance of a specific feature, we expected to affect the content of the encoding trace. When no warning about the critical feature was given, we expected higher false-alarm rates for low-frequency similar foils. The typical word frequency mirror effect should still have occurred for targets and dissimilar new items. We expected more false alarms for similar foils of low-frequency words than for high-frequency words because retrieval of the encoding traces for low-frequency concepts is easier than for their high-frequency counterparts. In SAC, it is assumed that more activation arrives at episode nodes associated with low-frequency words. Low-frequency words have fewer prior contextual associations, and therefore there is less competition for activation from low-frequency concept nodes than there is from high-frequency concept nodes.
On one hand, the tendency to false alarm on the basis of erroneous recollections depends not only on the probability of sufficient activation arriving at the relevant episode node but also on the likelihood that the episode node has represented the critical feature that was varied at test. The likelihood of that feature being represented as part of the episode node is affected by whether the participant was warned during encoding. On the other hand, when participants are advised to attend to the critical feature of the study words, this greater tendency to false alarm to similar foils for low-frequency words should disappear. To the extent that participants recall the encoding event and have stored the critical feature as part of the memory trace, they should be more accurate at verifying whether the target is identical to the original studied item or a related foil. Retrieving the encoding trace should be easier for low-frequency words.
Therefore, when retrieval of the encoding trace includes the critical feature information, low-frequency words should outperform high-frequency words, whereas low-frequency words should be more vulnerable when that information was not encoded. As an additional test of this explanation, we employed remember-know judgments: if the reversed false-alarm pattern for low-and highfrequency words is based on the recollection process, then we should have observed these effects mainly in the remember responses. We tested these predictions using two types of critical features: plurality and font. This allowed us to manipulate within subject whether a critical feature was made salient prior to the study of the words on the list.
Method

Participants
Thirty-six undergraduate students at Carnegie Mellon University participated in return for course credit or for a payment of $10. All participants were native English speakers. Table 1 lists the order of the experimental manipulations. We tested participants individually, and they completed four study-test cycles. The first two lists varied either the plurality of studied words or the font of these words. The last two lists varied the feature that was not varied for the first two lists. We fixed the order of study instructions (no-warning vs. warning about a critical feature that might be varied at test) and type of test in terms of discrimination required (discriminate vs. not to discriminate) to avoid carryover effects. To be specific, study instructions before the presentation of the first list did not mention anything about a critical feature presented during study or the importance of the critical feature for a later test. The first test also did not ask participants to discriminate between variants of studied words (plurality reversed or swapped font), so that participants would not be particularly motivated to encode those features for the second study list. Whenever participants were not asked to discriminate between variants of the studied word (Lists 1 and 4), they were instead asked to discriminate among their "old" judgments, specifically whether they remembered seeing the word or just felt that they "knew" that the word was old even though they had no specific recollection. No mention was made that they should give a remember response if the probe was an exact match and "know" otherwise. In this way, we could get an estimate of the extent to which accepting a similar word was based on recollection.
Task Overview
The second study-test list was similar to the typical plurality reversal experiment in that participants were not warned about a varied feature at study but were required to discriminate the studied form from similar foils. Knowledge that features could vary between study and test and that discriminating between the two versions mattered was established after List 2 and therefore, for the remaining two lists, participants were advised to attend to the critical feature that would vary. The feature that varied for the third and fourth lists was different from the feature used for the first two lists (plurality or font) in order to minimize practice at encoding specific features. Although the fourth list also warned participants to pay attention to the critical feature, at test, they were surprised in that they were told to ignore whether the feature varied from encoding and just respond on the basis of whether the concept had been studied during study.
Lists 1 and 2 differed from Lists 3 and 4 in that participants were not warned at study that the feature mattered for the first two lists. Lists 1 and 4 also differed from Lists 2 and 3 in that neither List 1 nor List 4 required a discrimination between the studied item and similar item. As mentioned above, both Lists 1 and 4 also asked participants to make rememberknow-new judgments. For Lists 2 and 3, participants were asked to Note. R-K-N ϭ remember-know-new recognition; O-N ϭ old-new recognition. discriminate similar foils from studied items and just made old-new recognition judgments. Finally, Lists 2 and 4 contained an element of surprise. Prior to the test for List 2, participants were unaware that they would be responsible for discriminating studied words from similar foils. Prior to the test for List 4, participants thought that they would be responsible for this type of discrimination but were then asked to ignore that feature at test.
Design, Materials, and Procedure
Whether the participant was warned prior to study about a critical feature of the stimulus (warning vs. no warning), word frequency (low vs. high), critical feature (plurality vs. font), type of test probe (target vs. similar vs. new), and recognition test (old-new-discriminate vs. remember-knownew-not to discriminate) was varied in a within-subject design with a fixed order of conditions; however, we manipulated whether a particular feature (plurality or font) was used for the first two tests or for the latter two between subjects.
Each test list consisted of studied words (target), similar foils that were plurality-reversed or swapped font of a studied word (similar), and unstudied words (new). Words assigned to target and similar item types were presented in a study list, but words assigned to the new item type were presented only in the test list. Four lists of words were constructed for each participant with the constraint that all words were between 4 and 10 letters in length. Half of the items in each list were high-frequency words, and the other half were low-frequency words, yielding a test list length of 96 items. Low-frequency items occurred fewer than 4 times per million words, and high-frequency items occurred more than 40 times per million (Kučera & Francis, 1967) . Assignment of words to each condition was determined randomly for each participant.
For font manipulation, we used Comic Sans MS Bold and Georgia Bold Italic fonts. Figure 2 shows examples of words in the two fonts. When plurality was used as the critical feature, half of the words in a study list were presented in singular form, the other half were presented in plural form, and all words were presented in Times Roman font. When font was the critical feature, half of the words were presented in Comic Sans MS Bold font, the other half were presented in Georgia Bold Italic font, and all words were presented in singular form. When plurality was manipulated in the warning condition, font was manipulated in the no-warning condition and vice versa.
In the no-warning condition (Lists 1 and 2), participants were simply asked to encode the words as best they could. In the warning conditions (Lists 3 and 4), participants were told that they would see a series of words differing in a critical feature and that they would be responsible for distinguishing whether the test item matched the critical feature of the study item. For the plurality feature variations, participants were told that generating an image would help to discriminate whether the word was singular or plural. For the font feature variations, they were encouraged to judge how appropriate the font seemed for the meaning of the word. During study, words were presented one at a time for 1.5 s each. Participants made recognition judgments at their own pace. At the completion of the last test list, the participants were debriefed on the purpose of the experiment.
Results
The results were analyzed separately for the lists that asked for old-new judgments based on discriminating similar foils from old items (Lists 2 and 3) and the lists that did not require this discrimination but did ask for remember-know-new judgments (Lists 1 and 4). Both font and plurality showed a Warning ϫ Word Frequency interaction for similar items on old-new recognition such that, with no warning, there were more false alarms to low-frequency similar foils, font: low frequency (LF) ϭ .63, high frequency (HF) ϭ .40; plurality: LF ϭ .50, HF ϭ .44, but the difference disappeared with warning, font: LF ϭ .33, HF ϭ .35; plurality: LF ϭ .10, HF ϭ .16. This same pattern was found for the remember responses for both font and plurality, no-warning font: LF ϭ .52, HF ϭ .23; no-warning plurality: LF ϭ .66, HF ϭ .44; warning font: LF ϭ .36, HF ϭ .24; warning plurality: LF ϭ .53, HF ϭ .45. Because different participants got different features in different conditions, we collapsed over features in order to treat the experiment as a within-subject design. We used repeated measure analyses of variance with an alpha level of .05 for all statistical tests. Given that the Malmberg, Holden, and Shiffrin (2004) study involved old-new recognition judgments (that is, JOF Ͼ1), we discuss those results first.
Old-New Judgments
The mean hit rates for old items and the mean false-alarm rates for similar and new items in the no-warning (List 2) and warning (List 3) conditions are presented in Figure 3 . Separate analyses for List 2 showed that a main effect of word frequency for similar foils was replicated as in Malmberg, Holden, and Shiffrin (2004) 2 ϭ .14. It is the last three-way interaction that supports the contention that the greater false-alarm rate for low-frequency than high-frequency similar foils occurs only when participants are not instructed that they should attend to the feature that will subsequently be used as a basis for discriminating old from new test probes.
Separate analyses for false alarms to similar items showed an effect of frequency such that more "old" responses were made to low-frequency similar items, F(1, 35) ϭ 5.18, MSE ϭ .02, 2 ϭ .13; however, there was a still stronger Warning ϫ Word Frequency interaction effect, F(1, 35) ϭ 16.44, MSE ϭ .018, 2 ϭ .32, such that greater false alarms for low-frequency similar items did not occur when participants were warned to encode the critical Figure 2 . An example of the fonts used at study. feature during study. This Warning ϫ Word Frequency interaction was found only for similar foils and not for targets or new items (both ps Ͼ .1). For target items, more hits were found in the warning condition, F(1, 35) ϭ 7.31, MSE ϭ .033, 2 ϭ .17, but there was no warning effect to new items (F Ͻ 1).
Discrimination of targets from similar items (dЈ) showed a main effect of warning, F(1, 35) ϭ 28.40, MSE ϭ 2.19, 2 ϭ .45, such that participants were better at discriminating targets from similar foils when given a warning. This effect also interacted with frequency, F(1, 35) ϭ 8.72, MSE ϭ .289, 2 ϭ .20, such that dЈ scores were lower for low-frequency words than for highfrequency words in the no-warning condition (.34 vs. .54), but that pattern was reversed in the warning condition (1.92 vs. 1.60).
Remember-Know-New Judgments
The proportions of remember versus know versus new judgments in the no-warning and warning conditions for Lists 1 and 4 are presented in Figure 4 . Note that for these lists, participants were not required to judge similar items as new. For List 1 (nowarning), they were not made aware of the variability in features; however, for List 4 (warning), they expected to be tested on the distinction but told at test to accept similar items as if they had been studied.
Ignoring the similar items, and by collapsing remember and know responses into "old" responses, we replicated the standard word frequency mirror effect, F(1, 35) Reder et al. (2000) . Significantly more of the false alarms given as know responses were for high-frequency new words than for lowfrequency words, F(1, 35) ϭ 54.62, MSE ϭ .009, 2 ϭ .61; however, remember responses for new items did not reliably differ as a function of word frequency or warning.
On the other hand, the analysis for similar items showed a main effect of word frequency for remember responses such that participants made more remember responses for low-frequency similar items, F(1, 35) ϭ 60.61, MSE ϭ .018, 2 ϭ .63. This effect was modulated by an interaction effect with warning, F(1, 35) ϭ 8.87, MSE ϭ .024, 2 ϭ .20, such that remember responses for low-frequency similar items decreased with warning, F(1, 35) ϭ 4.56, MSE ϭ .08, 2 ϭ .12, but remember responses for highfrequency similar items did not change with warning (F Ͻ 1). We found no main effect due to warning.
Know responses to similar items yielded a main effect of word frequency, F(1, 35) ϭ 4.92, MSE ϭ .013, 2 ϭ .12, such that high-frequency items gave more know responses. There was also a Warning ϫ Word Frequency interaction, F(1, 35) ϭ 5.27, MSE ϭ .011, 2 ϭ .13, such that participants made more know responses to high-frequency similar items in the no-warning con- suggested by Yonelinas and colleagues (e.g., Yonelinas & Jacoby, 1996; Yonelinas, Kroll, Dobbins, Lazzara, & Knight, 1998) did not show a reliable difference in familiarity responding for low-and high-frequency words.
In the no-warning condition, participants were not asked to discriminate between targets and similar items. Nonetheless, one can calculate the sensitivity to the difference by treating original items as hits and similar items as foils. Discriminability indexed by dЈ for remember responses was .027 for low-frequency words, compared with .243 for high-frequency items. In contrast, when warned prior to encoding that the feature mattered for recognition even though participants were explicitly told not to distinguish between similar forms at test, discriminability nonetheless improved: dЈ scores for remember responses increased to .932 for low-frequency items and .734 for high-frequency items. This pattern produced a main effect of warning, F(1, 35) ϭ 13.34, MSE ϭ 1.316, 2 ϭ .28, but the Warning ϫ Word Frequency interaction was not significant (F Ͻ 4).
Discussion
This study replicated previous results in terms of reproducing the word frequency mirror effect and also produced more false alarms to low-frequency similar items than to high-frequency similar items, as found by Malmberg, Holden, and Shiffrin (2004) .
In both our account and in the Malmberg et al. account, it was assumed that potentially mismatching features would be encoded as part of the representation. What makes our model different from theirs is that we assumed that the likelihood of storing and thus retrieving these potentially mismatching features would vary with encoding instructions. It is important to note that we demonstrated that encoding instructions could diminish the word frequency mirror reversal by reducing the number of false alarms to similar foils, in particular, the relative vulnerability of low-frequency similar foils. The instructional effect on recognition observed in this study is not always obtained and appears to be affected by the nature of the encoding instructions, not the warning per se.
2 This study not only informed participants to encode the critical feature for a later test but also provided specific examples designed to help encode the critical feature.
Another difference between our account and that of Malmberg, Holden, and Shiffrin (2004) is that we assumed that the reversed Figure 4 . The proportions of remember, know and new judgments as a function of warning, word frequency and item type. LF-R ϭ remember response to low-frequency item; LF-K ϭ know response to low-frequency item; HF-R ϭ remember response to high-frequency item; HF-K ϭ know response to high-frequency item. Error bars depict 95% confidence intervals. mirror effect derived from the fact that when these mismatching features are not retrieved at test, the spurious "old" responses are likely to be based on a faulty recollection rather than a familiarity response. The test lists that required participants to give remember-know responses provide evidence to support the view that the greater acceptance of similar items for low-frequency words was mainly based on the greater ease of recollecting lowfrequency words. In the no-warning condition, there were more remember judgments for low-frequency similar items than there were for high-frequency similar items. This pattern is consistent with the SAC account that low-frequency words can more easily access an episodic trace that affords recollection. The SAC explanation is based on the assumption that there are more prior contextual associations to high-frequency words, and that more contextual associations translates into greater interference in retrieving any specific context such as the relevant one during the experiment (see Reder et al., 2000, for more details) . This assumption is formalized as less activation spreading from the concept to the relevant episode node, because this activation is spread across more associations for a high-frequency word.
The effect of recollection in recognition of similar foils has been supported by other studies. Rotello and Heit (2000) found evidence for recall-to-reject processing in associative recognition. Rotello, Macmillan, and Van Tassel (2000) also demonstrated that recallto-reject processing was involved in plurality recognition when participants were explicitly instructed that plurality-reversed foils would be present. However, the use of the recall-to-reject process declined when instructions were more vague. These data seem consistent with our perspective.
Another assumption adopted by the SAC model of recognition is that familiarity as well as recollection can be used to make an "old" response. We assume that familiarity-based judgments come from the activation level of the concept node rather than the episode node. High-frequency words not only have more preexperimental contextual fans but also have a higher familiarity value, and both are due to a greater prior history of exposure. This implies Figure 5 . Source of activation confusion model predictions for probability of responding "old" as a function of the number of presentations (data from Malmberg, Holden, & Shiffrin, 2004) . LF ϭ low frequency; HF ϭ high frequency.
that there should be more familiarity-based false alarms for highfrequency new items because they have a higher resting level of activation, making them more likely to exceed a familiarity threshold.
When participants were not aware that the plurality or font of the word was a critical feature of the study item, this critical feature might not have been especially well bound to the encoding trace. With warning, participants became more accurate, presumably because they attended to the relevant feature and associated it with the episode node. According to SAC, the remember responses should have increased slightly for the exact matches in the warned condition. With an exact match, there is an additional context source from which activation can spread to the episode node. Because this type of context has such high fan, the increase in activation is expected to be small. It has been demonstrated that the value added by matching the additional contextual source is modulated by the number of words sharing that context (Cary & Reder, 2003; . When activation exceeds threshold on the episode node, participants can attempt to retrieve the critical feature that may have been bound to the episode node. However, features that are not salient and were not made salient from instructions are often not encoded. Furthermore, the number of exposures to the stimulus may not dramatically change the probability that the critical feature is encoded if that feature is not treated as important.
The notion of incomplete encoding processes is hardly a new idea. Nickerson and Adams (1979) 's demonstration that Americans are poor at discriminating an accurate drawing of a penny from similar foils illustrates that people can experience something as common as a penny thousands of times without encoding all of the features that enable discrimination of the target from similar distractors. On the other hand, when motivated to learn a discrimination such as in the warning condition of this study, participants are more likely to have encoded the critical feature, making recognition more veridical.
Modeling the Effects of Word Frequency, Similarity, and
Repetitions on Old-New Recognition and JOF Figure 5 presents the fit of a SAC model to the empirical results of Malmberg, Holden, and Shiffrin (2004) for "old" responses. The top panel displays the fit for targets as a function of normative word frequency and the number of experimental presentations. The bottom panel displays the fit for false alarms. Figure 6 shows the model's fit for JOFs that are greater than zero in an analogous fashion to Figure 5 . The theoretical account of the word frequency mirror effect using the SAC framework and the model simulation with remember-know responses are found in Reder et al. (2000) , along with the parameters and equations for the model fit of the word frequency effect. In addition to using previously estimated parameters and equations from previous model fits (see Cary & Reder, 2003; Reder et al., 2000; Schunn, Reder, Nhouyvanisvong, Richards, & Stroffolino, 1997 , for more details of the SAC model), we used new equations used to fit the Malmberg et al. data, and these are presented in the Appendix along with the parameter values that were estimated to optimize the fit.
It is assumed that the probability of encoding the critical feature is low when participants are not warned that this information is important. The probability of an "old" response depends on the probability of a recollection plus the probability of a know response when recollection fails. The probability of a recollection is determined by how the activation value that accrues at the episode node compares to the retrieval threshold, assuming a normal distribution of activation values and the standard deviation of the episode node also estimated. The amount of activation at an episode node depends on its previous level of activation (from number of times the event was experienced and how long ago it had been experienced) and the amount that spreads to it.
We adjusted the probability estimate of a recollection to exclude those cases in which the episode node was retrieved but the feature information was also retrieved and mismatched the probe. The probability of finding such a mismatch is relatively small, because it depends on the probability of actually having formed that link and of enough activation having accrued to get the node over its threshold. The mean JOFs Ͼ 0 were estimated from the activation values accrued at the episode node. The model fits showed that SAC is capable of fitting the probability of responding "old" for an item and mean JOF Ͼ 0 reported in the Malmberg, Holden, and Shiffrin (2004) study, recognition-target: R 2 ϭ .99, root-meansquare deviation (RMSD) ϭ .03; recognition-foil: R 2 ϭ .98, RMSD ϭ .03; JOF-target: R 2 ϭ .97, RMSD ϭ .66; JOF-foil: R 2 ϭ .95, RMSD ϭ .56. In summary, we showed how a dual-process model such as SAC can explain the reversed word frequency mirror effect for similar foils. Specifically, we demonstrated that the higher false alarms for low-frequency similar items come from the recollection process. In addition, we showed that this higher false-alarm rate for lowfrequency words disappears when participants are aware that the feature is important during study. In addition to providing an account and evidence for the reversed word frequency mirror effect for similar items within the SAC framework, we also demonstrated a good quantitative fit to the Malmberg, Holden, and Shiffrin (2004) data. The fits required few additional assumptions to the original SAC model of the word frequency effect.
